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PHASED ARRAY ANTENNA 
INTERMODULATION SUPPRESSION BEAM 

SMEARING METHOD 

STATEMENT OF GOVERNMENT INTEREST 

The invention Was made With Government support under 
contract No. F0470l-00-C-0009 by the Department of the 
Air Force. The Government has certain rights in the inven 
tion. 

REFERENCE TO RELATED APPLICATION 

The present application is related to applicant’s copending 
application entitled Intermodulation Grating Lobe Suppres 
sion Method: Ser. No. 09/968,190 ?led Oct. 1, 2001. 

FIELD OF THE INVENTION 

The invention relates to the ?eld of antenna designs, 
including phased array antenna systems and antenna beam 
steering systems. More particularly, the present invention 
relates to phased array antenna systems having elemental 
phasing producing unWanted intermodulation products. 

BACKGROUND OF THE INVENTION 

Communication systems use antennas for transmitting 
and receiving communication signals. The communication 
systems can use a variety of antenna systems having trans 
mitter and receiver antennas for de?ning antenna gain 
patterns With peaks for directional transmitting and receiv 
ing the communication signals. One type of antenna system 
is the active transmit phased arrays having multiple direc 
tional antenna elements using beam steering. Typically, the 
phased array antenna has a plurality of individual antenna 
elements lying in plane. Each antenna element broadcasts 
one or more steered communication signals eliminating the 
need for multiple apertures. Each array element has a 
respective phase offset for each signal for steering the 
respective antenna beams in a desired direction toWard 
communication receivers. 

Active transmit phased array antenna typically have one 
main beam using a beam forming design in Which all of the 
elements of phased array antenna are phased to collectively 
point the main beam in a desired direction. Active phased 
arrays have solid-state poWer ampli?ers at each array ele 
ment. These solid-state poWer ampli?ers are nonlinear 
devices that produce the unWanted intermodulation products 
When multiple signals are introduced and communicated. 
The intermodulation frequencies are spaced according to the 
difference betWeen the frequencies. For example, When tWo 
transmit carrier frequencies fl and f2 are used for broadcast 
ing signals With tWo primary main beams, then the unWanted 
intermodulation product frequencies are 2flif2 and 2f2ifl. 
The phased array produces antenna patterns at the inter 
modulation frequencies. The secondary intermodulation 
main beams of the intermodulation product patterns are 
steered according to the difference in the pointing angles of 
the primary main beams. Therefore, the phased array 
antenna ?eld of vieW contains the tWo primary main beams 
and may contain intermodulation grating lobe beams 
depending on the difference in pointing angles of the tWo 
primary main beam patterns. When the primary main beams 
are closely spaced, then the secondary intermodulation main 
beams and intermodulation grating lobe beam may disad 
vantageously appear Within the ?eld of vieW of the phased 
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2 
array antenna. When the primary main beams are Widely 
spaced, then a special condition occurs Where the secondary 
intermodulation main beams advantageously appear outside 
the ?eld of vieW and the intermodulation grating lobe beams 
disadvantageously appear Within the ?eld of vieW. When the 
intermodulation grating lobe beams are in the ?eld of vieW, 
then the intermodulation grating lobe beams are unWanted 
interference generated at the intermodulation frequencies. In 
theory, the beam forming design can be modi?ed to accom 
modate tWo or more main beams. HoWever, the transmission 
of the multiple communication signals create unWanted 
intermodulation products in poWer ampli?ers that produce 
gain patterns appearing as unWanted signals at intermodu 
lation frequencies in secondary intermodulation main beams 
and grating lobes in the antenna gain pattern. As a practical 
consideration, extensive design modi?cations are necessary 
to produce tWo or more beams With an active transmit 
phased array antenna. For example, phased array antennas 
having a plurality of main beams and operating at a plurality 
of different frequencies for transmitting a plurality of dif 
ferent signals produce intermodulation products as 
unWanted intermodulation beams typically because solid 
state poWer ampli?ers at each array element produce inter 
modulation products When multiple signals are transmitted 
or received. 

Primary techniques for reducing intermodulation products 
include backing off the output ampli?er from a highest level, 
and lineariZation of the output high poWer ampli?er. For 
example, a 1 dB poWer backoif of the ampli?er Would yield 
a 3 dB suppression of the intermodulation product. PoWer 
backolf reduces the ampli?er poWer e?iciency and has 
limited effectiveness, and ampli?er lineariZation requires 
costly complexity in the antenna design. Transmitter poWer 
ampli?er lineariZers and poWer back-off methods are used to 
reduce signal distortion. While solid-state poWer ampli?er 
lineariZers and poWer back-off techniques can loWer the 
levels of the unWanted intermodulation products, such tech 
niques loWer the array ef?ciency. The phased arrays have 
intermodulation products that produce unWanted beams 
because solid-state poWer ampli?ers at each array element 
produce intermodulation products When multiple signals are 
introduced. Primary methods for reducing intermodulation 
products are ampli?er output-poWer-backolf and ampli?er 
lineariZation. PoWer backoif reduces the ampli?er poWer 
ef?ciency and has limited effectiveness, and ampli?er lin 
eariZation requires costly development Work. 

Hence, it is desirable to control the phased array elements 
With grating lobe suppression for reduced signal distortion 
during signal transmission that may use saturated poWer 
ampli?ers and lineariZation methods. It is desirable to use a 
phasing method that reduces unWanted intermodulation 
products in addition to lineariZation methods. HoWever, an 
improved phasing method should be independent of nonlin 
ear high poWer ampli?ers or solid-state poWer ampli?ers. In 
a subarray separation approach, the phased array antenna 
elements are ?rst divided into equal subarrays and then each 
subarray is separated by uniform spacing from each other so 
as to reduce intermodulation products. By physically parti 
tioning the array into subarrays of antenna array elements 
and then physically separating the subarrays, unWanted 
grating lobes in the ?eld of vieW Were suppressed. The 
subarray separation approach disadvantageously only sup 
presses intermodulation grating lobe beams and does not 
suppress all undesirable intermodulation product beams, for 
example, the intermodulation main beams. These and other 
disadvantages are solved or reduced using the invention. 
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SUMMARY OF THE INVENTION 

An object of the invention is to provide a method for 
suppressing intermodulation product beams in a phased 
array antenna system. 

Another object of the invention is to provide a method for 
suppressing intermodulation product beams by beam smear 
ing in a phased array antenna system having equally spaced 
antenna elements. 

Another object of the invention is to provide a method for 
suppressing intermodulation product beams in a phased 
array antenna system by phase smearing the phases of 
signals communicated through phased array antenna ele 
ments. 

Yet another object of the invention is to provide a method 
for suppressing intermodulation product beams in a phased 
array antenna system by angle smearing the phases of 
signals communicated through phased array antenna ele 
ments. 

Still another object of the invention is to provide a method 
for suppressing intermodulation product beams in a phased 
array antenna system by angle smearing the phases of 
signals by gradient phasing the signals communicated 
through phased array antenna elements in each respective 
subarray. 
A further object of the invention is to provide a method for 

suppressing intermodulation product beams in a phased 
array antenna system by phase smearing the phases of 
signals by uniform phasing the signals communicated 
through phased array antenna elements in each respective 
subarray. 

Still another object of the invention is to provide a method 
for suppressing intermodulation product beams in a phased 
array antenna system by angle smearing the phases of 
signals modulating respective carrier frequencies by gradi 
ent phasing the signals communicated through phased array 
antenna elements in each respective subarray. 

Yet a further object of the invention is to provide a method 
for suppressing intermodulation product beams in a phased 
array antenna system by phase smearing the phases of 
signals modulating respective carrier frequencies by uni 
form phasing the signals communicated through phased 
array antenna elements in each respective subarray. 

The present invention is directed to a beam smearing 
method for intermodulation suppression in a phased array 
antenna system having uniform element spacing. This 
method includes the components phase smearing and angle 
smearing collectively referred to as beam smearing. The 
beam smearing includes angle smearing using gradient 
phasing and phase smearing using uniform phasing of the 
communicated signals modulating respective carrier fre 
quencies fl and f2. In the preferred form, the antenna beam 
includes tWo primary main beams and tWo intermodulation 
product beams. Conventional beam steering is by gradient 
phase shifts across the entire phased array antenna. The 
method insigni?cantly degrades the desired main beams at f l 
and f2 a small amount While signi?cantly suppressing the 
intermodulation product beams at 2flif2 and 2f2ifl. Beam 
smearing includes phase smearing by uniform phase shifts 
through subarray elements and includes angle smearing by 
gradient phase shifts. That is, the beam smearing method 
reduces third-order intermodulation products 2flif2 and 
2f2*fl With minor degradation of the desired main beams f l 
and f2. The beam smearing method provides increased 
intermodulation beam suppression at the cost of a minor 
degradation of the desired main beams that can be advan 
tageously retro?tted into existing phased array antenna 
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4 
systems. These and other advantages Will become more 
apparent from the folloWing detailed description of the 
preferred embodiment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of a subarray divided phased array 
antenna. 

FIG. 2 is a schematic of a beam smearing system. 
FIG. 3 is a plot of a ?eld of vieW antenna pattern. 
FIG. 4A is a graph of the gain of a steered main beam. 
FIG. 4B is a graph of the gain of a steered 3rd intermodu 

lation product beam. 
FIG. 4C is a graph of the gain of a phase smeared main 

beam. 
FIG. 4D is a graph of the gain of a phase smeared 3rd 

intermodulation product. 
FIG. 4E is a graph of the gain of a beam smeared main 

beam. 
FIG. 4F is a graph of the gain of a beam smeared 3rd 

intermodulation product beam. 
FIG. 4G is a beam smeared and phase smeared main 

beam. 
FIG. 4H is a angle smeared and phase smeared 3rd 

intermodulation product beam. 
FIG. 4I is a graph of 2f2*fl quadrant beam smearing. 
FIG. 4] is a graph of 2flif2 quadrant beam smearing. 
FIG. 5 is a How chart of a beam smearing process. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

An embodiment of the invention is described With refer 
ence to the ?gures using reference designations as shoWn in 
the ?gures. The intermodulation suppression beam smearing 
method for use in a phased array antenna system includes a 
phased array antenna and a beam smearing system. Refer 
ring to FIG. 1, a subarray divided phased array antenna is 
divided into subarrays such as subarray 10, subarray 12, 
subarray 14 and subarray 16. Each of the subarrays 10, 12, 
14, and 16 include an equal number of antenna elements, 
such as nine antenna elements one of Which is shoWn as 
antenna element 18 in subarray 10. The phased array of 
antenna elements can be a conventional phased array 
antenna having equally spaced antenna elements about the 
entire phased array antenna. In the exemplar preferred form, 
the entire antenna array is divided into four subarrays, Which 
are called array quadrants. For simplicity, the phased array 
antenna is shoWn to have thirty-six elements that are divided 
into four subarrays or array quadrants through controlled 
operations. 

Referring to FIGS. 1 and 2, and more particularly to FIG. 
2, the phased array antenna is controlled by a beam smearing 
system. A beam steering and smearing processor 20 com 
municates elemental phases for each subarray 10, 12, 14, 
and 16 to a series of phase shifters 22. TWo communicated 
signals 23a and 23b having respective carriers frequencies at 
fl and f2. The phase shifter 22 includes eight individual 
phase shifters 24a, 24b, 24c, 24d, 24e, 24f, 24g, and 24h. In 
the preferred form, the signal 2311 at carrier frequency fl is 
communicated to phase shifter 24a having a phase shift of 
¢1A, to phase shifter 240 having a phase shift of (MB, to 
phase shifter 24e having a phase shift of ¢1C, and to phase 
shifter 24g having a phase shift of ¢1D, While, the signal 23b 
at carrier frequency f2 is communicated to phase shifter 24b 
having a phase shift of ¢2A, to phase shifter 24d having a 
phase shift of ¢2B, to phase shifter 24e having a phase shift 
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of ¢1C, and to phase shifter 24g having a phasing phase shift 
of ¢1D. The phased shifted communicated signals from the 
phase shifters 2411 through 24h communicate the phase 
shifted signals at f1 and f2 to summers 26 including sum 
mers 27a, 27b, 27c, and 27d. 

The f1 and f2 signals are respectively phased shifted by 
phase shifters ¢1A and ¢2A and summed by summer 27a for 
providing a ?rst summed signal, are respectively phased 
shifted by phase shifters ¢1B and ¢2B and summed by 
summer 27b for providing a second summed signal, are 
respectively phased shifted by phase shifters ¢1C and ¢2C 
and summed by summer 270 for providing a third summed 
signal, and are respectively phased shifted by phase shifters 
¢1D and ¢2D and summed by summer 27d for providing a 
fourth summed signal. The ?rst, second, third, and fourth 
summed signals are ampli?ed by ampli?ers 28 including 
ampli?er 29a for amplifying the ?rst summed signals, 
including ampli?er 29b for amplifying the second summed 
signals, including ampli?er 290 for amplifying the third 
summed signals, and including ampli?er 29d for amplifying 
the fourth summed signals to respectively provide a ?rst 
ampli?ed signal, a second ampli?ed signal, a third ampli?ed 
signal, and a fourth ampli?ed signal. The ?rst ampli?ed 
signal, second ampli?ed signal, third ampli?ed signal, and 
fourth ampli?ed signal are communicated to subarray 
antenna elements 30 including antenna elements 31a, 31b, 
31c, and 31d. The ?rst ampli?ed signal, second ampli?ed 
signal, third ampli?ed signal, and fourth ampli?ed signal are 
respectively communicated to subarray antenna elements 30 
including antenna elements 31a, 31b, 31c, and 31d. Identical 
phases shifters 22, summers 26, ampli?ers 28 and subarray 
antenna elements 30 are used for each of the subarrays 10, 
12, 14, and 16. For each subarray the beam steering and 
smearing processor 20 provides an antenna-Wide gradient 
phase for beam steering as is conventional practice, provides 
subarray gradient phase for each of the subarrays graduated 
over the subarray antenna elements for angle smearing, and 
provides a subarray uniform phase for each of the subarrays 
uniform over the subarray antenna elements phase smearing. 
For angle smearing, the phase shift for each element in a 
subarray is graduated to provide a gradient phase shift across 
the subarray. Each subarray has a different phase gradient. 
For phase smearing, the phase shift for each element in a 
subarray is equal and hence is a uniform phase across the 
subarray. Each subarray may have a different uniform phase 
shift. 
The subarrays provide respective subarray beams that 

combine to form the antenna beam including the tWo pri 
mary main beams and the intermodulation product beams. 
The total phase shifts of the carrier frequencies communi 
cated through the respective antenna elements include a 
gradient phase shift over the entire array for antenna beam 
steering, a uniform phase shift over each respective subarray 
for phase smearing, and a gradient phase shift over each 
respective subarray for angle smearing. The array beam 
steering, and subarray beam smearing combine to both beam 
steer and beam smear the antenna beam. In so doing, both 
primary main beams and the intermodulation product beams 
are reduced in amplitude and broadened in spectral beam 
Width. 

Referring to FIGS. 1, 2, and 3, and more particularly to 
FIG. 3, the introduction of the angle and phase smearing 
serves to substantially reduce intermodulation products such 
as the third-order 2f ff2 and 2f2ifl intermodulation products 
shoWn as intermodulation lobe steered beams 2flif2 and 
2f2ifl, respectively, While insigni?cantly reducing the f1 
and f2 primary main beams. 
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6 
Referring to FIGS. 4A, 4B, 4C, 4D, 4E, 4F, 4G, 4H, 41, 

and 4], the effects of the angle and phase smearing are 
shoWn by Way of antenna patterns. In FIGS. 4A and 4B, 
shoW contour plots of a conventional unsmeared main beam 
and a conventional intermodulation product beam that are in 
symmetrical form as is Well knoWn. The main beam is 
shoWn by the center circle in each of the FIGS. 4A and 4B. 
The rounded-square contour around the main beam shoWs 
the beam intensity fall olf around the main beam. The other 
oval contours shoW loWer-intensity beams, Which are also 
called sidelobes. FIG. 4C shoWs the effects of phase smear 
ing on a primary main beam. The center circle denotes the 
contour of the main beam. The main beam in FIG. 4C is 
essentially unchanged from the unsmeared case in FIG. 4A. 
The other contours shoW loWer intensities that are slightly 
different from the unsmeared case 4A. FIG. 4D shoWs the 
effects of phase smearing the intermodulation product beam. 
The main beam is divided into four parts Which are reduced 
in intensity by approximately a factor of four from the 
unsmeared case in FIG. 4B. FIG. 4E shoWs the effects of 
angle smearing a primary main beam. The main beam in 
FIG. 4E is essentially unchanged from the unsmeared case 
in FIG. 4A. The other contours shoW loWer intensities that 
are slightly different from the unsmeared case 4A. FIG. 4F 
shoWs the effects of angle smearing an intermodulation 
product beam. The main beam is divided into nine parts 
Which are reduced in intensity by approximately a factor of 
nine from the unsmeared case in FIG. 4B. FIG. 4G shoWs the 
effects of angle and phase smearing a primary main beam. 
The main beam in FIG. 4G is essentially unchanged from the 
unsmeared case in FIG. 4A. The other contours shoW loWer 
intensities that are slightly different from the unsmeared case 
4A. FIG. 4H shoWs the effects of angle and phase smearing 
an intermodulation product beam. The main beam is 
severely degraded and reduced in intensity compared to the 
unsmeared case in FIG. 4B. FIG. 41 shoWs the effects of 
beam smearing, including both angle and phase smearing, 
by array quadrant of the 2f2*fl intermodulation product 
beam. FIG. 4] shoWs the effects of beam smearing, including 
both angle and phase smearing, by array quadrant of the 
2flif2 intermodulation product beam. 

Referring to all of the ?gures, and particularly to FIG. 5, 
the beam smearing process ?rst divides the array into array 
subarrays that are preferably of equal siZe having the same 
number of antenna elements. As is conventional practice, the 
primary main beams as Well as the intermodulation product 
beams are steered 42 by providing a phase gradient 6M 
across the entire antenna array by applying the phase gra 
dient to the antenna elements. The phased array beams are 
angle smeared using respective subarray phase gradients 
GPG that effectively steer the subarray beams. The phased 
array beams are phased smeared using respective subarray 
uniform phase 6 UP. The tWo signals at carrier frequencies f 1 
and f2 are transmitted from the phased array antenna. In 
phase smearing, adjacent array quadrants have different 
phase excitations, such as, 0°, +40°, 0°, +40°. The tWo 
desired frequencies have opposite phase excitation, such as, 
0°, +40°, 0°, +40o for fl, and 0°, —40°, 0°, —400 for f2. While 
the effect is minimal on the desired frequencies, it is 
signi?cant on the intermodulation frequencies due to a factor 
of three magni?cation. This is the effect of the third order 
intermodulation on the phase excitation that results in 2% 
(1)534) or 2(1) l-q>2:3q>. In angle smearing, each array quadrant 
is steered off the main-beam steering angle and in different 
directions, such as (6,60%), 6x0+6), (Gm-6, 6y0+6), (Gm-6, 
SW43), (6,60%) 6 —6) as illustrated by the quadrant patterns syo 

in FIGS. 41 and 4]. The spatial angle of a desired beam is 
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represented by (6x0, eye) The symbol 6 represents a pertur 
bation to the spatial angle that is different for each quadrant. 
As is shown in FIG. 4I, each subarray beam is steered a 
small angle 45° aWay from the center of the array beam, 
thereby smearing the beam. While the effect is minimal on 
the desired frequencies, it is signi?cant on the intermodu 
lation frequencies due to a factor of three magni?cation. 
This is the effect of the third order intermodulation on the 
phase excitation that results in 36 perturbation to the inter 
modulation product subarray beams. The resulting desired 
and intermodulation patterns are shoWn in FIGS. 4C and 4D. 
As in phase smearing, the desired frequencies are steered 
oppositely for fl and f2. Again, as in phase smearing, the 
results of angle smearing are magni?ed by approximately a 
factor of three in the intermodulation beams. 

The beam smearing method reduces the level of inter 
modulation product beams. The method is for use in arrays 
having multiple signals. Active transmit phased arrays typi 
cally have one beam. In practice, the system can be changed 
by a beamformer design to accommodate tWo or more 
beams at respective frequencies. HoWever, as a practical 
matter, more design modi?cations are necessary to produce 
tWo or more beams With an active transmit phased array. 

The beam smearing method is independent of the poWer 
ampli?er or solid-state poWer ampli?ers. The beam smear 
ing method reduces third-order intermodulation products but 
With minor degradation of the desired main beams that can 
be used With existing phased array antenna having a beam 
smearing system. The beam smearing method suppresses all 
intermodulation product beams. That is, the method offers 
signi?cantly greater suppression of intermodulation prod 
ucts at the cost of a minor degradation of the desired main 
beam patterns. The main beam spoiling degrades the desired 
beams a small amount and suppresses the intermodulation 
product beams signi?cantly. For reference, contour plots of 
unspoiled desired and intermodulation patterns are shoWn in 
FIG. 4A through 4]. In phase smearing, adjacent subarrays 
have different phase excitations, such as 0°, +40°, 0°, +40°. 
The tWo desired frequencies have opposite phase excitation, 
such as 0°, +40°, 0°, +40o at f1 and 0°, —40°, 0°, —400 at f2. 
The resulting desired and intermodulation beams are both 
effected, but With differing amounts. The effect of the third 
order intermodulation on the phase excitation results in 
2¢2_¢1:3¢ or 2¢1_q>2:3¢~ 

In angle smearing, each array subarray is steered off the 
main-beam steering angle and in different directions, such as 
(6x0+6, 6y0+6), (Gm-6, 6y0+6), (Gm-6, Bye-6), and (6x0+6, 
6y0—6) as illustrated by the quadrant patterns. The spatial 
angle of a desired beam is represented by (6x0, SW). The 
symbol 6 represents a perturbation to the spatial angle that 
is different for each quadrant. As is shoWn in FIG. 4I, each 
subarray beam is steered a small angle +45o aWay from the 
center of the array beam, thereby smearing the beam. The 
resulting desired and intermodulation patterns can be cal 
culated, simulated, and plotted. As in phase smearing, the 
desired frequencies are steered oppositely for fl and f2. 
Again, as in phase smearing, the results of angle smearing 
are magni?ed by approximately a factor of three in the 
intermodulation beam. The desired and intermodulation 
patterns that result from a combination of both angle and 
phase smearing can be plotted for comparison as shoWn in 
FIGS. 4A through 4]. The desired pattern spot beam changes 
insigni?cantly While the intermodulation pattern beam 
spreads out and is signi?cantly reduced in level. In order to 
assess the effectiveness of beam spoiling, a computed series 
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8 
of patterns for an exemplar array can be used. The exemplar 
array can be a 14x14 square array of 2.5-Wavelength ele 
ments, With uniform amplitude excitation. Each element has 
a Jl(u)/u element pattern. Patterns can be calculated for 
smear phases ranging from 0 to 55 degrees and smear angles 
ranging from 0 to 1 degrees. In order to shoW that the 
effectiveness of the method is independent of the tWo 
frequencies and independent of the desired beam angles, the 
calculations can be made With practically identical frequen 
cies and beam steering angles right on top of each other. TWo 
performance metrics Were selected. The ?rst performance 
metric is the degradation of the spot beam at the desired 
frequency as measured by the loWest level inside the beam, 
having for example, spot siZes of 1.0° and l.5°. The second 
performance metric is the suppression of the intermodula 
tion product beam as measured by the highest intermodu 
lation level in the ?eld of vieW, such as for an earth ?eld of 
vieW as vieWed from geosynchronous orbit or :8 degrees. 
The performance Was approximately 1 dB of degradation 
Within the 1.0° and l.5° spots With no spoiling, With phase 
smearing only, With angle smearing only, and by beam 
smearing including both angle and phase smearing. The 
resulting suppression is betWeen 6 dB and 10 dB With the 
angle smearing having the greatest suppression. The inven 
tion is applicable to any siZed phased array antenna system 
communicating a plurality of signals at respective carriers 
frequencies. Those skilled in the art can make enhance 
ments, improvements, and modi?cations to the invention, 
and these enhancements, improvements, and modi?cations 
may nonetheless fall Within the spirit and scope of the 
folloWing claims. 
What is claimed is: 
1. A method for beam smearing an antenna beam com 

municating signals at respective carrier frequencies, the 
signals communicated through antenna elements of a phased 
array antenna, the method comprising the steps of, 

dividing the phased array antenna into subarray compris 
ing respective array elements each being portions of the 
antenna elements, 

steering the antenna beam in a direction by equal phase 
shifting the carrier frequencies for the antenna ele 
ments, 

phase smearing the antenna beam by respective uniform 
phase shifts of the carrier frequencies for the respective 
subarray elements, and 

angle smearing the antenna beam by respective gradient 
phase shifts of the carrier frequencies for the respective 
subarray elements. 

2. The method of claim 1 Wherein, 
the antenna beam comprises a plurality of primary main 

beams and a plurality of intermodulation products 
beams. 

3. The method of claim 1 Wherein, 
the antenna beam comprises tWo primary main beams and 

comprises tWo intermodulation products beams, 
the signals are tWo signals, and 
the carrier frequencies are tWo carrier frequencies respec 

tively modulated by the tWo signals. 
4. The method of claim 1 Wherein, 
the antenna beam comprises tWo primary main beams and 

comprises tWo intermodulation products beams, 
the signals are tWo signals, and 
the carrier frequencies are tWo carrier frequencies respec 

tively modulated by the tWo signals. 
5. The method of claim 1 Wherein, 
the antenna beam comprises tWo primary main beams and 

comprises tWo intermodulation products beams, 
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the signals are tWo signals, and 
the carrier frequencies are tWo carrier frequencies respec 

tively modulated by the tWo signals, and 
the method serving to reduce amplitudes of the inter 

modulation product beams. 
6. The method of claim 1 Wherein, 
the antenna beam comprises tWo primary main beams and 

comprises tWo intermodulation products beams, 
the signals are tWo signals, 
the carrier frequencies are tWo carrier frequencies respec 

tively modulated by the tWo signals, and 
the method reduces amplitudes of the tWo intermodulation 

product beams. 
7. The method of claim 1 Wherein, 
each subarray has an equal number of antenna elements. 
8. The method of claim 1 Wherein, 
the subarrays provide respective subarray beams, and 
the respective subarray beams combine to form the 

antenna beam. 

9. The method of claim 1 Wherein, 
total phase shifts of the carrier frequencies communicated 

through the respective antenna elements comprise a 
gradient phase shift for antenna beam steering and 
comprise an gradient phase shift for subarray beam 
steering and comprise gradient phase shift for subarray 
beam smearing, the subarray beam steering and subar 
ray beam smearing combine to beam smear the antenna 
beam. 
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10. The method of claim 1 Wherein, 
the subarrays are four subarrays. 
11. A method for beam smearing an antenna beam com 

municating tWo signals respectively at tWo carrier frequen 
cies, the tWo signals communicated through antenna ele 
ments of a phased array antenna, the antenna beam 
comprising tWo primary main beams and tWo intermodula 
tion product beams in a ?eld of vieW of the phased array 
antenna, the method for reducing amplitudes of tWo inter 
modulation product beams in the ?eld of vieW of the phased 
array antenna, the method comprising the steps of, 

dividing the phased array antenna into subarrays each 
comprising an equal number of subarray elements, 

steering the antenna beam in a direction by equal phase 
shifting the carrier frequencies for the antenna ele 
ments, 

phase smearing the antenna beam by respective uniform 
phase shifts of the carrier frequencies for the respective 
subarray elements, and 

angle smearing the antenna beam by respective gradient 
phase shifts of the carrier frequencies for the respective 
subarray elements, the angular smearing and phase 
smearing serving to reduce the amplitudes of the inter 
modulation products. 

12. The method of claim 10 Wherein, 
the angular smearing and phase smearing serving to 

reduce the amplitudes and to broaden spatial Widths of 
the intermodulation products beams. 

* * * * * 


